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1
SEMICONDUCTOR DEVICE WITH OUTPUT
CIRCUIT AND PAD ARRANGEMENTS

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority from Japanese
patent application No. 2005-345347 filed on Nov. 30, 2005
the content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor device,
and in particular, to an effective technique applicable to a
semiconductor device with bonding pads.

Various semiconductor integrated circuits are formed on a
semiconductor wafer made of, for example, a single crystal
silicon and others and then the semiconductor device wafer is
separated into semiconductor chips by dicing to manufacture
chip-shaped semiconductor devices. On the main surface of
the semiconductor device a plurality of bonding pads acting
as an external terminal are provided along the periphery of the
semiconductor device.

Japanese Unexamined Patent Publication No. Hei09
(1997)-283632 (Patent Document 1) sets forth a technique in
which, in the semiconductor device with three or more wiring
layers on which a plurality of rows of bonding pads are
staggered along the periphery of a semiconductor chip, a first
lead wiring electrically connecting the bonding pad in the
inner row to an inner circuit is formed by one or more wiring
layers including at least the wiring of the uppermost layer and
a second lead wiring electrically connecting the bonding pad
in the outer row to the inner circuit is formed by a plurality of
wirings different from the first lead wiring.

Japanese Unexamined Patent Publication No. 2003-
163267 (Patent Document 2) discloses a technique in which,
in a semiconductor device provided with a cell section and a
buffer circuit formed to surround the cell section, a plurality
of bonding pads are formed over the periphery of the buffer
circuit and over the buffer circuit and staggered over the
periphery of the buffer circuit and over the buffer circuit.
(Patent Document 1) Japanese Unexamined Patent Publica-
tion No. Hei09 (1997)-283632
(Patent Document 2) Japanese Unexamined Patent Publica-
tion No. 2003-163267

SUMMARY OF THE INVENTION

The inventors’ investigation has revealed the following.

There has been demand for downsizing a semiconductor
device and increasing terminals thereof in recent years. Stag-
gering bonding pads shortens an effective pitch of the bond-
ing pad, which enables more bonding pads to be formed for a
semiconductor device of the same size and the terminal
thereof to be increased in number.

An input/output circuit is provided on each bonding pad
and a power supply wiring is formed along the periphery of
the semiconductor device. The input/output circuit is con-
structed of various elements formed on a semiconductor sub-
strate constituting the semiconductor device. The input/out-
put circuit is connected to the bonding pad and the power
supply wiring according to need. Since the bonding pad is
formed by the uppermost metallic layer, a wiring to be con-
nected to elements constituting the input/output circuit needs
drawing up to be connected to the metallic layer for the
bonding pads. If the drawing-up portion is provided in the end
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2

of'the input/output circuit forming region and the bonding pad
is arranged further outside than the drawing-up portion, the
planar dimension of the semiconductor device requires to be
increased by the bonding pad. In particular, if the bonding
pads are staggered, the bonding pads on the side of the inner
periphery can be arranged further inside than the aforemen-
tioned drawing-up portion, however, the bonding pads on the
side of the outer periphery needs to be arranged further out-
side than the drawing-up portion, so that the planar dimension
of the semiconductor device requires to be increased by the
bonding pad on the side of the outer periphery. This becomes
disadvantageous for downsizing the semiconductor device.

When the power supply wiring and the bonding pad are
formed by the metallic layer of the same layer, if the power
supply wiring is arranged through a detour around the input/
output circuit, the power supply wiring is reduced in width,
which decreases current density. If the power supply wiring is
increased in width to maintain the current density, which
increases planar dimension. This also becomes disadvanta-
geous for downsizing the semiconductor device.

The present invention has for its purpose to provide a
technique capable of reducing dimension, or planar dimen-
sion, of the semiconductor device.

The above and other objects and novel features of the
present invention will become more apparent from the
description of the specification and the accompanying draw-
ings.

The following is a brief description of outlines of typical
ones out of the inventions disclosed in the present specifica-
tion.

In the present invention, a first and a second power supply
wiring pass over protective elements formed on the semicon-
ductor substrate and electrically connected to bonding pads, a
first wiring positioned under the first and the second power
supply wiring and electrically connected to the protective
elements is pulled out over the first and the second power
supply wiring in the pulled-out region between the first and
the second power supply wiring to be electrically connected
to a first conductive layer for the bonding pads positioned
over the first and the second power supply wiring.

In the present invention, the protective elements formed
over the semiconductor substrate and electrically connected
to the bonding pads include MISFET elements. The MISFET
elements are formed in a first and a second MISFET forming
region. The first wiring positioned under the power supply
wirings and electrically connected to the protective element is
pulled out over the power supply wirings in the pulling-out
region between the first and the second MISFET forming
region to be electrically connected to the first conductive
layer for the bonding pads.

The following is a brief description of effects obtained
from typical ones out of the inventions disclosed in the
present specification.

The dimension (planar dimension) of a semiconductor
device can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view showing a semiconductor device
according to one embodiment of the present invention;

FIG. 2 is a top view showing the principal elements of the
semiconductor device according to one embodiment of the
present invention;

FIG. 3 is a top view showing the principal elements of the
semiconductor device according to one embodiment of the
present invention;
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FIG. 4 is a top view showing the principal elements of the
semiconductor device according to one embodiment of the
present invention;

FIG. 5 is a top view showing the principal elements of the
semiconductor device according to one embodiment of the
present invention;

FIG. 6 is a cross section showing the principal elements of
the semiconductor device according to one embodiment of
the present invention;

FIG. 7 is a cross section showing the principal elements of
the semiconductor device according to one embodiment of
the present invention;

FIG. 8 is a cross section showing the principal elements of
the semiconductor device according to one embodiment of
the present invention;

FIG. 9 is a cross section showing the principal elements of
the semiconductor device according to one embodiment of
the present invention;

FIG.10is a circuit diagram showing an input/output circuit
of'the semiconductor device according to one embodiment of
the present invention;

FIG. 11 is atop view showing the principal elements of the
semiconductor device according to another embodiment of
the present invention;

FIG. 12 is atop view showing the principal elements of the
semiconductor device according to another embodiment of
the present invention;

FIG. 13 is atop view showing the principal elements of the
semiconductor device according to another embodiment of
the present invention;

FIG. 14 is a cross section showing the principal elements of
the semiconductor device according to another embodiment
of the present invention;

FIG. 15 is a cross section showing the principal elements of
the semiconductor device according to another embodiment
of the present invention;

FIG. 16 is a circuit diagram showing an input/output circuit
of the semiconductor device according to another embodi-
ment of the present invention;

FIG. 17 is atop view showing the principal elements of the
semiconductor device according to another embodiment of
the present invention;

FIG. 18 is atop view showing the principal elements of the
semiconductor device according to another embodiment of
the present invention;

FIG. 19 is atop view showing the principal elements of the
semiconductor device according to another embodiment of
the present invention;

FIG. 20 is a top view showing the principal elements of the
semiconductor device according to another embodiment of
the present invention;

FIG. 21 is a cross section showing the principal elements of
the semiconductor device according to another embodiment
of the present invention;

FIG. 22 is a cross section showing the principal elements of
the semiconductor device according to another embodiment
of the present invention;

FIG. 23 is a circuit diagram showing an input/output circuit
of the semiconductor device according to another embodi-
ment of the present invention; and

FIG. 24 is a circuit diagram showing an input/output circuit
of the semiconductor device according to another embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following embodiments, descriptions are divided
into plural sections or embodiments as a matter of conve-
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nience as required. However, the descriptions are related to
each other except where an explicit statement is made to some
other effect, and a description below is a modification, pro-
vides further details, or supplements part or all of some other
description. When numbers of elements and so on (including
numbers, values, amounts, and ranges) are referred to in the
following embodiments, the number need not be the stated
number, unless an explicit statement is made to this effect and
the number is clearly, in principle, limited to specific num-
bers. The number may be higher or lower than the stated
number. Furthermore, in the following embodiments, it is
needless to say that constituent elements (including element
steps) are not always required unless an explicit statement is
made to this effect and the element is clearly, in principle,
considered as essential. Similarly, when the shape of a con-
stituent element, positional relationship and others are
referred to in the following embodiments, ones being sub-
stantially similar or analogous to the shape and others should
be included unless an explicit statement is made to this effect
and the ones are not clearly, in principle, considered so. This
holds true for the values and ranges.

The embodiments of the present invention are described in
detail below with reference to the drawings. In the all figures
for describing the embodiments, the members with the same
functions are given the same reference numerals and charac-
ters to omit the duplicated description thereof.

In the drawings used in the embodiments, hatching is
sometimes omitted from a cross section to make it easily
viewable. On the other hand, hatching lines are sometimes
drawn in a top view or perspective view to make views easily
viewable.

First Embodiment

FIG. 1 is a top view (entire top view) showing a semicon-
ductor device 1 according to one embodiment of the present
invention. FIG. 1 is a top view, however, hatching is drawn in
a power supply wiring 5, a grounding wiring 6, a grounding
wiring 7 and a power supply wiring 8 to make them easily
viewable.

The semiconductor device (semiconductor chip) 1 is
formed in such a manner that various semiconductor inte-
grated circuits and bonding pads 4 are formed on a semicon-
ductor substrate (semiconductor wafer) made of, for
example, a single crystal silicon and others and then the
semiconductor substrate is separated into each chip-shaped
semiconductor device (semiconductor chip) 1 by dicing. For
this reason, the semiconductor device 1 is a semiconductor
chip.

A core region (cell section and internal circuit forming
region) 3 is arranged in the central portion of a main surface
of the semiconductor device 1. Various semiconductor inte-
grated circuits (internal circuits) are formed in the core region
3.Thecoreregion 3 is configured by arranging a large number
of basic cells constituted by combining a prescribed number
of, for example, an n-channel MISFET and a p-channel MIS-
FET in a matrix form. Connecting the MISFETs in the basic
cells and the basic cells to each other based on a logic design
realizes a desired logic function.

A plurality of bonding pads (pad electrodes, external ter-
minals and external connecting terminals) 4 are arranged
along the peripheral on the main surface 2 of the semicon-
ductor device 1. The bonding pads 4 are capable of function-
ing as external terminals (external connecting terminals and
input/output circuit terminals) of the semiconductor device 1
to establish an electrical connection to external devices.
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The power supply wiring 5 and the grounding wiring 6 for
the core region 3 are arranged outside the core region 3 on the
main surface 2 of the semiconductor device 1. The grounding
wiring 7 and the power supply wiring 8 for an input/output
(I/O) are arranged further outside thereof. The power supply
wiring 5, the grounding wiring 6, the grounding wiring 7 and
the power supply wiring 8 extend along the periphery of the
main surface 2 of the semiconductor device 1, (that is to say,
intheY direction described later) and are arranged outside the
core region 3 (on the side of the periphery of the main surface
2 of the semiconductor device 1, that is, on the side of an end
2a). The power supply wiring 5 and the grounding wiring 6
for the core region 3 are arranged inside the grounding wiring
7 and the power supply wiring 8 for input/output (on the inner
side of main surface 2 of the semiconductor device 1). For
example, the power supply wiring 5, the grounding wiring 6,
the grounding wiring 7 and the power supply wiring 8 are
arranged in this order from inside to outside.

The power supply wiring 5 for the core region 3 is a wiring
for supplying a power-supply electric potential (fixed electric
potential and reference electric potential) to circuits and ele-
ments of the core region 3. The grounding wiring 6 for the
core region 3 is a wiring for supplying a grounding electric
potential to circuits and elements of the core region 3. The
grounding wiring 7 is a wiring for supplying a grounding
electric potential to an input/output circuit 11 described later.
The power supply wiring 8 is a wiring for supplying a power-
supply electric potential (fixed electric potential and refer-
ence electric potential) to the input/output circuit 11. Turning
on the power supply of the semiconductor device 1 applies a
constant voltage across the power supply wiring 5, the
grounding wiring 6, the grounding wiring 7 and the power
supply wiring 8. For example, turning on the power supply of
the semiconductor device 1 applies a grounding electric
potential across the grounding wirings 6 and 7 and applies a
power-supply electric potential (fixed electric potential and
reference electric potential) different from each other across
the power supply wirings 5 and 8.

It is more preferable to supply a grounding electric poten-
tial across the grounding wirings 6 and 7, but it is also possible
to supply a non-grounding electric potential, or a power-
supply electric potential (fixed electric potential and refer-
ence electric potential). At this point, at least a power-supply
electric potential different from one to be applied across the
power supply wiring 5 is applied across the grounding wiring
6, and a power-supply electric potential different from one to
be applied across the power supply wiring 8 is applied across
the grounding wiring 7. Therefore, not only the power supply
wirings 5 and 8 but the grounding wirings 6 and 7 may be
regarded as power supply wirings. For example, one of the
grounding wiring 7 and the power supply wiring 8 may be
regarded as a first power supply wiring (power supply wiring
at a first electric potential) and the other may be regarded as a
second power supply wiring (power supply wiring at a second
electric potential different from the first electric potential). In
addition, one of the power supply wiring 5 and the grounding
wiring 6 may be regarded as a third power supply wiring
(power supply wiring at a third electric potential) and the
other may be regarded as a fourth power supply wiring (power
supply wiring at a fourth electric potential different from the
third electric potential).

A plurality of the bonding pads 4 provided on the main
surface 2 of the semiconductor device 1 are arranged in two
rows along each side of the semiconductor device 1. The
position of the bonding pads 4 is displaced by half pitch
between the rows, in other words, the bonding pads 4 are
staggered. For instance, a plurality of the bonding pads 4 are
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arranged in two rows along each side of the semiconductor
device 1 and the position of the bonding pads 4 is displaced by
half pitch between the rows. A first bonding pad 4a near the
end 2a of the semiconductor device 1 and a second bonding
pad 4b positioned further inside the semiconductor device 1
than the first bonding pad 4a are alternately arranged. Stag-
gering the bonding pads 4 shortens an effective pitch of the
bonding pad 4, allowing more bonding pads to be formed on
a semiconductor device of the same size, which enables the
terminal of the semiconductor device to be increased in num-
ber.

FIGS. 2 to 5 are top views showing the principal elements
of the semiconductor device 1 according to the present
embodiment and illustrate the periphery of the semiconductor
device 1. FIGS. 6 to 9 are cross sections showing the principal
elements of the semiconductor device 1 according to the
present embodiment. FIG. 10 is a circuit diagram (equivalent
circuit diagram) showing the input/output circuit 11 of the
semiconductor device 1 according to the present embodi-
ment. FIGS. 2 to 5 show the same region. FIG. 2 shows a
planar layout of the input/output circuit 11 and a circuit 15.
FIG. 3 corresponds to a figure in which the power supply
wiring 5, the grounding wiring 6, the grounding wiring 7 and
the power supply wiring 8 are added to FIG. 2. FIG. 4 corre-
sponds to a figure in which the power supply wiring 5, the
grounding wiring 6, a conductive layer 51 and the bonding
pad 4 are added to FIG. 2. FIG. 5 shows a planar layout of the
input/output circuit 11, the power supply wirings, the ground-
ing wiring 6, the grounding wiring 7, the power supply wiring
8, the conductive layer 51 and the bonding pad 4. A cross
section along line A-A in FIG. 2 corresponds to FIG. 6. A
cross section along line B-B in FIG. 2 corresponds to FIG. 7.
A cross section along line C-C in FIG. 2 corresponds to FIG.
8. A cross section along line D-D in FIG. 2 corresponds to
FIG. 9.

A plurality of the input/output circuits 11 (input/output
circuit sections, input/output buffer circuits, buffer circuits,
1/O circuits and I/O buffer circuits) are arranged along the
periphery of the main surface 2 of the semiconductor device
1. The bonding pads 4 corresponding to the input/output
circuits 11 are arranged in the vicinity thereof and electrically
connected to the input/output circuits 11 respectively. A plu-
rality of the bonding pads 4 and of the input/output circuits 11
are so arranged as to surround the core region 3 therearound.

As can be seen from the circuit diagram in FIG. 10, the
input/output circuit 11 includes the n-channel MISFET Qnl
(hereinafter referred to as “nMISFET Qn1”) for output (for
output control and input/output control), the p-channel MIS-
FET Qp1 (hereinafter referred to as “pMISFET Qp1”) for
output (for output control and input/output control) and resis-
tance elements R1 and R2 for protection and diode elements
D1 and D2 for protection. The bonding pads 4 are electrically
connected to the grounding wiring 7 and the power supply
wiring 8 through the input/output circuit 11.

The bonding pads 4 are electrically connected to the input/
output circuit 11 and electrically connected to the grounding
wiring 7 and the power supply wiring 8 through the input/
output circuit 11. Specifically, the bonding pads 4 are electri-
cally connected to one of the source or the drain (the drain in
this case) of the nMISFET Qnl through the resistance ele-
ment R1 and electrically connected to one of the source or the
drain (the drain in this case) of the pMISFET Qp1 through the
resistance element R2. The other of the source or the drain
(the source in this case) of the nMISFET Qnl is electrically
connected to the grounding wiring 7 for input/output and the
other of the source or the drain (the source in this case) of the
pMISFET Qpl1 is electrically connected to the power supply
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wiring 8 input/output. The gate electrodes of the nMISFET
Qnl and the pMISFET Qp1 are electrically connected to the
circuit 15, or circuits or elements in the core region 3. The
bonding pads 4 are electrically connected to the grounding
wiring 7 via a diode D1 and are electrically connected to the
power supply wiring 8 via the diode D2.

The diodes D1 and D2 and the resistance elements R1 and
R2 among the elements constituting the input/output circuit
11 are capable of functioning as elements for protection (pro-
tective element) For example, when a surge (ESD surge) is
inputted into the bonding pads 4, the resistance elements R2
and R2 prevent the surge from being inputted into the nMIS-
FET Qnl and the pMISFET Qp1 to pass it to the grounding
wiring 7 or the power supply wiring 8 through the diodes D1
or D2. In other words, the diodes D1 and D2 and the resis-
tance elements R1 and R2 prevent the surge (ESD surge) from
being inputted into the nMISFET Qnl and the pMISFET
Qpl, which permits the nMISFET Qnl and the pMISFET
Qp1 to be protected. Thus, the protective elements (the diodes
D1 and D2 and the resistance elements R1 and R2) are elec-
trically connected to the bonding pads 4. These protective
elements are formed on the semiconductor substrate 30 as
discussed later.

The nMISFET Qnl and the pMISFET Qpl among the
elements constituting the input/output circuit 11 are capable
of'functioning as elements for output control (for input/output
control). For instance, turning on and off nMISFET Qnl
and/or turning on and off the pMISFET Qp1 allow the output
(input/output) of the bonding pads 4 to be controlled.

It is preferable that a connection relationship between the
nMISFET Qnl and the pMISFET Qp1 shown in FIG. 10 is
applied when the input/output circuit 11 acts as an output
circuit and the bonding pad 4 acts as a bonding pad for
outputting signals. When the input/output circuit 11 acts as an
input circuit and the bonding pad 4 acts as a bonding pad for
inputting signals, a connection relationship between the
nMISFET Qn1 and the pMISFET Qp1 can be changed from
one in FIG. 10. For example, the bonding pad 4 can be
electrically connected to the gate of the nMISFET Qnl
through the resistance element R1 or to the gate of the pMIS-
FET Qp1 through the resistance element R2. In this case, one
of the source or the drain of the nMISFET Qnl may be
electrically connected to the grounding wiring 7, one of the
source or the drain of the pMISFET Qp1 may be electrically
connected to the power supply wiring 8, the other of the
source or the drain of the nMISFET Qnl1 and the other of the
source or the drain of the p-channel MISFET Qpl may be
electrically connected to the circuit 15, or the circuits or
elements of the core region 3. Thus, even if a connection
relationship between the nMISFET Qnl and the pMISFET
Qpl is changed, the present embodiment is applicable. For
this reason, it is preferable that the present embodiment is
applied when the bonding pad 4 is used for input/output or for
inputting/outputting signals.

As shown in FIGS. 2 t0 9, the nMISFET forming region 21,
the resistance element forming region 22, the diode element
forming region 23, the pulling-out region 24, the diode ele-
ment forming region 25, the resistance element forming
region 26 and the pMISFET forming region 27 are arranged
on the periphery of the main surface 2 of the semiconductor
device 1 inthis order in the direction from the inside (the inner
side of the main surface 2 of the semiconductor device 1) to
the periphery (the side of end 2a of the main surface 2 of the
semiconductor device 1), i.e., in the X-direction in FIGS. 2 to
6. A Y-direction in FIGS. 2 to 6 is a (parallel) direction along
four sides (ends 2a) of the main surface 2 of the semiconduc-
tor device 1 and the X-direction is a direction orthogonal
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(intersects) to the Y-direction. Along the X-direction (in par-
allel), the nMISFET forming region 21, the resistance ele-
ment forming region 22, the diode element forming region 23,
the pulling-out region 24, the diode element forming region
25, the resistance element forming region 26 and the pMIS-
FET forming region 27 are arranged in this order. Since the
grounding wiring 7 and the power supply wiring 8 extend to
the Y-direction, the nMISFET forming region 21, the resis-
tance element forming region 22, the diode element forming
region 23, the pulling-out region 24, the diode element form-
ing region 25, the resistance element forming region 26 and
the pMISFET forming region 27 are arranged in this order in
the direction (X-direction) intersecting (preferably orthogo-
nal) with the direction (Y-direction) to which the grounding
wiring 7 and the power supply wiring 8 extend.

The nMISFET forming region 21 is a region where a Metal
Insulator Semiconductor Field Effect Transistor (MISFET)
corresponding to the nMISFET Qn1 is formed. The resistance
element forming region 22 is a region where a resistance
element corresponding to the resistance element R1 is
formed. The diode element forming region 23 is a region
where a diode element corresponding to the diode D1 is
formed. The diode element forming region 25 is a region
where a diode element corresponding to the diode D2 is
formed. The resistance element forming region 26 is a region
where a resistance element corresponding to the resistance
element R2 is formed. The pMISFET forming region 27 is a
region where a MISFET corresponding to the pMISFET Qp1
is formed. Thus, the input/output circuit 11 is formed by the
nMISFET forming region 21 (nMISFET Qn1), the resistance
element forming region 22 (resistance element R1), the diode
element forming region 23 (diode D1), the diode element
forming region (diode D2), the resistance element forming
region 26 (resistance element R2) and the pMISFET forming
region 27 (pMISFET Qp1). The input/output circuit 11 is
provided on each bonding pad 4.

The circuit 15 is a circuit region where, for example, a level
shifter, an input/output (I/O) control logic section and others
are formed and is provided further inside the input/output
circuit 11 on the main surface 2 of the semiconductor device
1. The power supply wiring 5 and the grounding wiring 6 run
over the circuit 15.

The configuration of periphery of the semiconductor
device 1 is described in further detail with reference to FIGS.
2t009.

The nMISFET forming region 21, the resistance element
forming region 22, the diode element forming region 23, the
diode element forming region 25, the resistance element
forming region 26 and the pMISFET forming region 27 are
arranged over the main surface of the semiconductor sub-
strate (semiconductor wafer) 30 primarily constructed of;, for
example, p-type single crystal silicon. The regions are elec-
trically separated from one another by element isolating
regions 31 formed over the main surface of the semiconductor
substrate 30. The element isolating region 31 includes an
insulating material such as silicon oxide and others (field
insulating film or embedded insulating film) and may be
formed by Shallow Trench Isolation (STI) method or Local
Oxidation of Silicon (LOCOS) method.

A p-type well (p-type semiconductor region) 32 and an
n-type well (n-type semiconductor region) 33 are formed on
the main surface of the semiconductor substrate 30. The
p-type well 32 is formed in the region two-dimensionally
including the nMISFET forming region 21, the resistance
element forming region 22 and the diode element forming
region 23. The n-type well 33 is formed in the region two-
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dimensionally including the diode element forming region
25, the resistance element forming region 26 and the pMIS-
FET forming region 27.

A plurality of gate electrodes 34 are formed over the p-type
well 32 through a gate insulation film (not shown) so as to
extend in the X-direction in the nMISFET forming region 21.
The n-type semiconductor regions (n-type diffused layer) 35
as a source and a drain are formed in regions on both sides of
the gate electrode 34. Among the n-type semiconductor
regions 35, an n-type semiconductor region 354 functions as
one of a source or a drain (drain region in this case) and an
n-type semiconductor region 35s functions as one of a source
or drain (source region in this case). A plurality of the gate
electrodes 34 include, for instance, lower resistance polycrys-
talline silicon (doped polysilicon) film and are electrically
connected to each other by wirings (not shown). The n-chan-
nel MISFET constituting the nMISFET Qnl1 is formed by the
gate electrode 34, the gate insulation film (not shown) under
the gate electrode 34 and the n-type semiconductor region 35
(35d and 35s) as a source and a drain.

The pMISFET forming region 27 is almost the same in
configuration as the nMISFET forming region 21 reversed in
terms of conductivity type. That is to say, a plurality of gate
electrodes 36 are formed over the n-type well 33 through a
gate insulation film (not shown) so as to extend in the X-di-
rection in the pMISFET forming region 27. The p-type semi-
conductor regions (p-type diffused layer) 37 as a source and a
drain are formed in regions on both sides of the gate electrode
36. Among the p-type semiconductor regions 37, a p-type
semiconductor region 374 functions as one of a source or a
drain (drain region in this case) and a p-type semiconductor
region 37s functions as one of a source or a drain (source
region in this case). A plurality of the gate electrodes 36
include, for instance, lower resistance polycrystalline silicon
(doped polysilicon) film and are electrically connected to
each other by wirings (not shown). The p-channel MISFET
constituting the pMISFET Qp1 is formed by the gate elec-
trode 36, the gate insulation film (not shown) under the gate
electrode 36 and the p-type semiconductor region 37 (374 and
37s) as a source and a drain.

All over the resistance element forming region 22 is
formed the element isolating region 31, on which a plurality
of' the resistance elements 38 (the resistance element 38 con-
stituting the resistance element R1) including, for example,
polycrystalline silicon (doped polysilicon) film into which
impurities are introduced are formed.

The resistance element forming region 26 is substantially
the same in configuration as the resistance element forming
region 22. That is, all over the resistance element forming
region 26 is formed the element isolating region 31, on which
a plurality of the resistance elements 39 (the resistance ele-
ment 39 constituting the resistance element R2) including, for
example, polycrystalline silicon (doped polysilicon) film into
which impurities are introduced are formed.

The resistance elements 38 and 39 may be formed in such
a manner that a polycrystalline silicon film into which impu-
rities are introduced is formed over the semiconductor sub-
strate 30 and patterned by a photolithography method and a
dry etching method. The resistance value of the resistance
elements 38 and 39 is controlled within a desired value by
adjusting the concentration of impurities introduced into the
polycrystalline silicon film constituting the resistance ele-
ments 38 and 39, the dimensions of the polycrystalline silicon
film constituting the resistance elements 38 and 39 and dis-
tance between the contacts (plugs PG) connected to the resis-
tance elements 38 and 39.
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In the diode element forming region 23, the n-type semi-
conductor region (n-type diffused layer) 41 and the p-type
semiconductor region (p-type diffused layer) 42 are two-
dimensionally formed adjacently to each other on the p-type
well 32. For example, the n-type semiconductor region 41 and
the p-type semiconductor region 42 extending in the X-direc-
tion are alternately arranged in the Y-direction. The diode
element (the diode element constituting the diode element
D1) is formed by a PN junction between the n-type semicon-
ductor region 41 and the p-type semiconductor region 42.
Incidentally, the p-type semiconductor region 42 may be con-
structed of a part of the p-type well 32.

The diode element forming region 25 is almost the same in

configuration as the diode element forming region 23
reversed in terms of conductivity type. That is, in the diode
element forming region 25, the p-type semiconductor region
(p-type diffused layer) 43 and the n-type semiconductor
region (n-type diffused layer) 44 are two-dimensionally
formed adjacently to each other on the n-type well 33. The
diode element (the diode element constituting the diode ele-
ment D2) is formed by a PN junction between the p-type
semiconductor region 43 and the n-type semiconductor
region 44.
For example, the p-type semiconductor region 43 and the
n-type semiconductor region 44 extending in the X-direction
are alternately arranged in the Y-direction. Incidentally, the
n-type semiconductor region 44 may be constructed of a part
of'the p-type well 33.

On the main surface 2 of the semiconductor substrate 30,
p-type semiconductor regions (p-type diffused layer) 46 as a
guard ring are formed around the nMISFET forming region
21 and the diode element forming region 23. In addition, on
the main surface 2 of the semiconductor substrate 30, n-type
semiconductor regions (n-type diffused layer) 47 as a guard
ring are formed around the diode element forming region 25
and the pMISFET forming region 27. The p-type semicon-
ductor region 46 may be constructed of a part of the p-type
well 32. In addition, the n-type semiconductor region 47 may
be constructed of a part of the n-type well 33.

FIGS. 6 and 8 show cross sections (in the X-direction)
passing through the n-type semiconductor region 354 (drain
region) in the nMISFET forming region 21, the resistance
element 38 in the resistance element forming region 22, the
n-type semiconductor region 41 in the diode element forming
region 23, the p-type semiconductor region 43 in the diode
element forming region 25, the resistance element 39 in the
resistance element forming region 26 and the p-type semi-
conductor region 374 (drain region) in the pMISFET forming
region 27. In addition, FIGS. 7 and 9 show cross sections (in
the X-direction) passing through the n-type semiconductor
region 35s (source region) in the nMISFET forming region
21, the region where the resistance element 38 is not formed
in the resistance element forming region 22, the p-type semi-
conductor region 42 in the diode element forming region 23,
the n-type semiconductor region 44 in the diode element
forming region 25, the region where the resistance element 39
is not formed in the resistance element forming region 26 and
the p-type semiconductor region 37s (source region) in the
pMISFET forming region 27.

A plurality of interlayer insulating films and of wiring
layers are formed over the semiconductor substrate 30. The
semiconductor device 1 has a multilayer wiring structure over
the semiconductor substrate 30. The cross sections shown in
FIGS. 6 to 9 integrally illustrate a plurality of interlayer
insulating films and the uppermost layer of a protective film
(surface protective film and insulating film) as an insulating
film 50 to make them easily viewable.
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As shown in FIGS. 6 to 9, on the main surface 2 of the
semiconductor substrate 30, a first, second, third, fourth, fifth,
sixth and seventh layer wirings M1, M2, M3, M4, M5, M6
and M7 are formed in this order from the bottom. The first
layer wiring M1 is formed of, for example, a patterned tung-
sten film and the like. The second, third, fourth, fifth, sixth and
seventh layer wirings M2, M3, M4, M5, M6 and M7 are
formed of an embedded copper wiring formed by a dama-
scene method (single or dual damascene method). As another
embodiment, the wirings M2 to M7 may be formed of alumi-
num made of aluminum alloy film on which the wirings M2 to
M7 are patterned.

Interlayer insulating films (insulating film 50) including
silicon oxide film or low dielectric-constant insulating film
(so-called low-k film) are formed between the semiconductor
substrate 30 and the first layer wiring M1 and among the
wirings M1 to M7. The wirings M1 to M7 are electrically
connected to one another through conductive plugs PG
formed in the interlayer insulating films according to need. If
the wirings M2 to M7 are formed by the dual damascene
method, the plugs PG are integrally formed with the wirings
M2 to M7. The first layer wiring M1 is electrically connected
to elements (semiconductor elements or passive elements)
formed on the main surface of the semiconductor substrate 30
through conductive plugs PG formed in the interlayer insu-
lating films according to need.

The conductive layer (conductive film, metallic layer) 51
for the bonding pad 4 is formed over the seventh layer wiring
M7 as the uppermost metallic layer (wiring layer, an eighth
layer wiring). The conductive layer 51 forms the bonding pad
4. The conductive layer 51 is formed of, for instance, pat-
terned aluminum alloy film (metallic layer). An interlayer
insulating film (not shown) is formed between the conductive
layer 51 and the seventh layer wiring. On the conductive layer
51 a protective film (the insulating film 50) made of an insu-
lating material is formed to be the uppermost layer film (sur-
face film) of the semiconductor device 1. The bonding pad 4
is formed of a part of the conductive layer 51 exposed from
the opening 52 formed on the protective film. For this reason,
the bonding pad 4 is integrally formed with the conductive
layer 51, and a part of the conductive layer 51 is the bonding
pad 4. In other words, the bonding pad 4 is formed by a part
of the conductive layer 51.

The grounding wiring 7 and the power supply wiring 8 are
formed by the fourth, fifth, sixth, and seventh layer wirings
M4, M5, M6, and M7 and the plugs PG connecting between
the wirings M4, M5, M6, and M7. The grounding wiring 7
and the power supply wiring 8 extend along the periphery
(four sides) of the semiconductor device 1, i.e., along the
Y-direction.

The damascene method is a technique in which a conduc-
tive film is formed on an interlayer insulating film to be
embedded in a wiring opening formed in the interlayer insu-
lating film and the conductive film outside the wiring opening
is removed by a CMP method or the like to be embedded in
the wiring opening to form an embedded wiring. An exces-
sively wide wiring opening can cause dishing at the time of
CMP. For this reason, in FIGS. 6 to 9, the wiring on the same
layer among the wirings forming the grounding wiring 7 is
divided into plural wirings and synthesized to constitute the
grounding wiring 7. Similarly, the wiring on the same layer
among the wirings forming the grounding wiring 8 is divided
into plural wirings and synthesized to constitute the ground-
ing wiring 8. This enables avoiding dishing at the time of
CMP in the damascene method. Incidentally, in FIGS. 3 and
5, the grounding wiring 7 and the power supply wiring 8 are
illustrated as an integrated pattern to make them easily view-
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able. If the grounding wiring 7 and the power supply wiring 8
are formed of aluminum wirings without the use of the dama-
scene method, the wiring on the same layer among the wir-
ings forming the grounding wiring 7 may be integrally
formed, and similarly, the wiring on the same layer among the
wirings forming the grounding wiring 8 may be integrally
formed.

In addition, the grounding wiring 7 and the power supply
wiring 8 extend to pass through over the region for forming
the input/output circuit 11 in the Y-direction. In other words,
the grounding wiring 7 and the power supply wiring 8 extend
in the Y-direction along the periphery of the semiconductor
device 1 to pass through over the nMISFET forming region
21, the resistance element forming region 22, the diode ele-
ment forming region 23, the diode element forming region 25,
the resistance element forming region 26 and the pMISFET
forming region 27 constituting the input/output circuit 11. In
the present embodiment, both the grounding wiring 7 and the
power supply wiring 8 extend along the main surface 2 of the
semiconductor device 1, and the power supply wiring 8 is
arranged outside (on the side of the periphery of the main
surface 2 of the semiconductor device 1) the grounding wir-
ing 7. For this reason, the grounding wiring 7 passes through
over the nMISFET forming region 21, the resistance element
forming region 22 and the diode element forming region 23,
and the power supply wiring 8 passes through over the diode
element forming region 25, the resistance element forming
region 26 and the pMISFET forming region 27. As another
embodiment, the grounding wiring 7 may be interchanged in
position with the power supply wiring 8 (i.e., the power
supply wiring 8 is inside and the grounding wiring 7 is out-
side), in that case, it is more preferable that the nMISFET
forming region 21, the resistance element forming region 22,
the diode element forming region 23, the diode element form-
ing region 25, the resistance element forming region 26 and
the pMISFET forming region 27 are arranged in the opposite
order.

The bonding pad 4 and the conductive layer 51 used for
forming the bonding pad 4 are positioned over the grounding
wiring 7 and the power supply wiring 8. The conductive layer
51 may be regarded as a conductive layer positioned over the
grounding wiring 7 and the power supply wiring 8 and elec-
trically connected to the bonding pad 4.

The bonding pad 4, the grounding wiring 7, the power
supply wiring 8, the MISFET in the nMISFET forming region
21, the resistance elements 38 (R1) and 39 (R2) in the resis-
tance element forming regions 22 and 26, the diode elements
(D1 and D2) in the diode element forming regions 23 and 25
and the MISFET in the pMISFET forming region 27 are
electrically connected to each other through the plugs PG, the
wirings M1 to M7 and the conductive layer 51 according to
need as shown in FIGS. 2 to 9, forming the input/output
circuit 11 with a circuit configuration shown in FIG. 10.

The grounding wiring 7 and the power supply wiring 8
extend in the Y-direction along the periphery of the semicon-
ductor device 1. In the present embodiment, the pulling-out
region (wiring pulling-out region, wiring drawing up region,
wiring taking-out region and pad taking-out section) 24 for
the wiring 53 is provided between the grounding wiring 7 and
the power supply wiring 8. The pulling-out region 24 is a
region (part) where the wiring 53 (the first wiring) electrically
connected to elements (where, the resistance elements R1 and
R2 and the diode elements D1 and D2 that are protective
elements constituting the input/output circuit 11) formed on
the semiconductor substrate 30 and positioned under the
grounding wiring 7 and the power supply wiring 8 is pulled
out (taken out and drawn up) over the grounding wiring 7 and
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the power supply wiring 8 and connected to the conductive
layer 51 for the bonding pad 4.

That is to say, the wiring 53 is electrically connected to the
protective elements (the resistance elements 38 (R1) and 39
(R2) in the resistance element forming regions 22 and 26 and
the diode elements D1 and D2 in the diode element forming
regions 23 and 25) constituting the input/output circuit 11
formed on the semiconductor substrate 30 through the plugs
PG. The wiring 53 lies under the bonding pad 4, the conduc-
tive layer 51, the grounding wiring 7 and the power supply
wiring 8 and is formed of, for example, the first, second and
third layer wirings M1, M2 and M3 and the plugs PG con-
necting the wirings M1, M2 and M3.

The wiring 53 is positioned under the grounding wiring 7
and the power supply wiring 8, however, the protective ele-
ments (the resistance elements R1 and R2 and the diode
elements D1 and D2) over the semiconductor substrate 30
connected to the wiring 53 via the plugs PG need electrically
connecting to the bonding pad 4, so that the wiring 53 requires
td be pulled out (drawing up and taking out) over the ground-
ing wiring 7 and the power supply wiring 8 to be electrically
connected to the conductive layer 51 for the bonding pad 4.
For the above reason, in the present embodiment, the wiring
53 is pulled out over the grounding wiring 7 and the power
supply wiring 8 in the pulling-out region 24 between the
grounding wiring 7 and the power supply wiring 8 to be
electrically connected to the conductive layer 51. Thus, the
pulling-out region 24 is a part (conductive portion) that elec-
trically connects between the conductive layer 51 and the
wiring 53 and includes, for example, the second, third, fourth,
fifth, sixth and seventh layer wirings M2, M3, M4, M5, M6
and M7, the conductive layer 51 and the plugs PG electrically
connecting therebetween.

In addition, it may be regarded that the pulling-out region
24 is arranged between a group including the nMISFET form-
ing region 21, the resistance element forming region 22 and
the diode element forming region 23 and a group including
the pMISFET forming region 27, the resistance element
forming region 26 and the diode element forming region 25
and the wiring 53 is pulled out over the grounding wiring 7
and the power supply wiring 8 to be electrically connected to
the conductive layer 51. Furthermore, it may be regarded that
the pulling-out region 24 is arranged between the nMISFET
forming region 21 and the pMISFET forming region 27 of the
input/output circuit 11.

As stated above, in FIGS. 6 and 8, the wiring 53 electrically
connected to the conductive layer 51 for the bonding pad 4
through the pulling-out region 24 is electrically connected to
one end of the resistance element 38 in the resistance element
forming region 22, the n-type semiconductor region 41 in the
diode element forming region 23, the p-type semiconductor
region 43 in the diode element forming region 25 and one end
of'the resistance element 39 in the resistance element forming
region 26 through the plugs PG and others. The other end of
the resistance element 38 in the resistance element forming
region 22 is electrically connected to the n-type semiconduc-
tor region 35d (drain region) in the nMISFET forming region
21 through the first, second and third layer wirings M1, M2
and M3 and the plugs PG. The other end of the resistance
element 39 in the resistance element forming region 26 is
electrically connected to the p-type semiconductor region
37d (drain region) in the pMISFET forming region 27
through the first, second and third layer wirings M1, M2 and
M3 and the plugs PG. As shown in FIGS. 7 and 9, the n-type
semiconductor region 35s (source region) in the nMISFET
forming region 21 is electrically connected to the grounding
wiring 7 through the wiring 55. The p-type semiconductor
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region 37s (source region) in the pMISFET forming region 27
is electrically connected to the power supply wiring 8 through
the wiring 56. The wirings 55 and 56 are wirings positioned
under the grounding wiring 7 and the power supply wiring 8
and include the first, second and third layer wirings M1, M2
and M3 and the plugs PG. The wirings 53, 55 and 56 are
positioned on the same layer, however, they are different from
each other. The circuit configuration shown in FIG. 10 is thus
realized.

Furthermore, in the present embodiment, a plurality of the
bonding pads 4 are staggered. That is, a plurality of the
bonding pads 4 are arranged in two rows along each side of
the semiconductor device 1. The position of the bonding pads
4 is displaced by half pitch between the rows. The first bond-
ing pad 4a near the end of the semiconductor device 1 and the
second bonding pad 45 positioned further inside than the first
bonding pad 4a in the semiconductor device 1 are alternately
arranged. For this reason, as shown in FIGS. 4 and 6, the
wiring 53 is pulled out in the pulling-out region 24 to be
connected to the conductive layer 51 and caused to extend
along the X-direction toward the end 2a of the semiconductor
device 1 and to be exposed from the opening 52 of the pro-
tective film, thereby forming the first bonding pad 4a near the
end of the semiconductor device 1. As shown in FIGS. 4 and
8, the wiring 53 is pulled out in the pulling-out region 24 to be
connected to the conductive layer 51 and caused to extend
along the X-direction opposite to the direction toward the end
2a of the semiconductor device 1 (i.e., in the direction toward
the inner side of the main surface 2 of the semiconductor
device 1) and to be exposed from the opening 52 of the
protective film, thereby forming the second bonding pad 45
positioned further inside than the first bonding pad 4a in the
semiconductor device 1.

In addition, the grounding wiring 8 is arranged under the
first bonding pad 4a. The diode element forming region 25,
the resistance element forming region 26 and the pMISFET
forming region 27 are arranged under the power supply wir-
ing 8. Furthermore, the grounding wiring 7 is arranged under
the second bonding pad 45. The nMISFET forming region 21,
the resistance element forming region 22 and the diode ele-
ment forming region 23 are arranged under the grounding
wiring 7. For this reason, the grounding wiring 7 and the
power supply wiring 8 pass through over the protective ele-
ments (the resistance elements 38 (R1) and 39 (R2) in the
resistance element forming regions 22 and 26 and the diode
elements D1 and D2 in the diode element forming regions 23
and 25) constituting the input/output circuit 11. In addition,
the bonding pad 4 is arranged (exists) over the protective
elements (the resistance elements 38 (R1) and 39 (R2) in the
resistance element forming regions 22 and 26 and the diode
elements D1 and D2 in the diode element forming regions 23
and 25) constituting the input/output circuit 11.

Unlike the present embodiment, when the pulling-out
region 24 is provided outside the power supply wiring 8 (on
the side of the end 2a of the semiconductor device 1) instead
of between the grounding wiring 7 and the power supply
wiring 8 and the wiring 53 is pulled out over the grounding
wiring 7 and the power supply wiring 8 and connected to the
conductive layer 51 (hereinafter referred to as “a first com-
parison example”), the bonding pad is provided further out-
side than the pulling-out region 24, so that a semiconductor
device requires to be increased in planar dimension by the
bonding pad. Particularly, when the bonding pads are stag-
gered, the bonding pads on the inner peripheral side can be
arranged further inside than the pulling-out region 24, how-
ever, the bonding pads on the outer peripheral side needs to be
arranged outside the pulling-out region 24, so that a semicon-



US 9,343,460 B2

15

ductor device requires to be increased in planar dimension by
the bonding pad in the first comparison example. This causes
a disadvantage in downsizing a semiconductor device.

In contrast to the above, in the present embodiment, the
pulling-out region 24 is provided between the grounding
wiring 7 and the power supply wiring 8, and the wiring 53 is
pulled out over the grounding wiring 7 and the power supply
wiring 8 to be (electrically) connected to the conductive layer
51. For this reason, even when the bonding pad 4 is arranged
further outside than the pulling-out region 24 (on the side of
the end 2a of the semiconductor device 1), the bonding pad 4
can be arranged further inside by the position where the
pulling-out region 24 is positioned further inside than the
power supply wiring 8. That is to say, the bonding pad 4 can
be arranged over the input/output circuit 11 (1/O cell) includ-
ing the nMISFET forming region 21, the resistance element
forming region 22, the diode element forming region 23, the
diode element forming region 25, the resistance element
forming region 26 and the pMISFET forming region 27. In
other word, the bonding pad 4 can be arranged over the
protective elements (the resistance elements 38 (R1) and 39
(R2) in the resistance element forming regions 22 and 26 and
the diode elements D1 and D2 in the diode element forming
regions 23 and 25). This allows the semiconductor device 1 to
be reduced in planar dimension, enabling downsizing the
semiconductor device 1.

When the bonding pad 4 is staggered, in particular, it is
preferable that the second bonding pad 45 on the inner periph-
eral side is arranged further inside than the pulling-out region
24 (on the inner side of the main surface 2 of the semicon-
ductor device 1) and the first bonding pad 4a on the outer
peripheral side is arranged further outside than the pulling-
out region 24 (on the side of end 2a of the main surface 2 of
the semiconductor device 1) In the present embodiment, since
the pulling-out region 24 is provided between the grounding
wiring 7 and the power supply wiring 8, not only the second
bonding pad 45 on the inner peripheral side but the first
bonding pad 4a on the outer peripheral side can be arranged
over the input/output circuit 11 (/O cell). For this reason,
even when the bonding pads 4 are staggered, there is no need
to increase the semiconductor device in planar dimension by
the dimension of the bonding pad 4. Consequently, this allows
the bonding pad 4 to be staggered without increasing the
planar dimension, which makes it compatible to downsize the
semiconductor device 1 and increase terminals thereof (i.e.,
increasing the number of the bonding pads 4 and narrowing
the pitches between the bonding pad 4). The distance from the
pulling-out region 24 (length along which the conductive
layer 51 extends, i.e., wiring length) to both the first bonding
pad 4a on the outer peripheral side and the second bonding
pad 45 on the inner peripheral side can be equalized to each
other, so that the characteristics of the first and second bond-
ing pads 4a and 45 can be unified, which allows further
improving the characteristics of the semiconductor device
having the staggered bonding pads 4.

The power supply wiring 5 and the grounding wiring 6 do
notimpair the performance of the core region 3 by leaving the
circular wiring on the uppermost layer.

Two MISFET elements (i.e., the nMISFET Qnl and the
pMISFET Qp1) used in the input/output circuit 11 are formed
in two different regions (the nMISFET forming region 21 and
the pMISFET forming region 27) respectively and the pull-
ing-out region 24 is provided between the nMISFET forming
region 21 and the pMISFET forming region 27. For this
reason, the pulling-out region 24 can be arranged around the
center of the input/output circuit 11, which enables the bond-
ing pad 4 to be arranged at a position near the center of the
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input/output circuit 11. That is to say, even though the bond-
ing pad 4 is arranged further outside than the pulling-out
region 24 (on the side of end of the semiconductor device 1),
the bonding pad 4 can be arranged further inside by the
position where the pulling-out region 24 is positioned further
inside (on the inner side of the main surface 2 of the semi-
conductor device 1) than the pMISFET forming region 27.
This allows the semiconductor device 1 to be reduced in
planar dimension, enabling downsizing the semiconductor
device.

In addition, in the present embodiment, the grounding wir-
ing 7 and the power supply wiring 8 are arranged over the
protective elements (the resistance elements 38 (R1) and 39
(R2) in the resistance element forming regions 22 and 26 and
the diode elements D1 and D2 in the diode element forming
regions 23 and 25) and the nMISFET forming region 21 and
the pMISFET forming region 27, i.e., over the input/output
circuit 11 (I/O cell). Furthermore, the bonding pad 4 (the
conductive layer 51) is arranged over the grounding wiring 7
and the power supply wiring 8. Arranging the bonding pad 4
over the protective elements (the resistance elements 38 (R1)
and 39 (R2) in the resistance element forming regions 22 and
26 and the diode elements D1 and D2 in the diode element
forming regions 23 and 25) and the nMISFET forming region
21 and the pMISFET forming region 27, i.e., over the input/
output circuit 11 (I/O cell) eliminates the need for increasing
a chip dimension owing to the bonding pad 4, which permits
reducing the planar dimension of the semiconductor device 1.

Unlike the present embodiment, when the grounding wir-
ing 7 and the power supply wiring 8 are formed by a metallic
layer on the same layer as the bonding pad 4, making a detour
around the input/output circuit 11 and providing the ground-
ing wiring and the power supply wiring narrow the width of
wiring of a power supply wiring to decrease current density.
Alternatively, widening the width of wiring of a power supply
wiring to keep current density results in increase in planar
dimension of the semiconductor device.

On the other hand, in the present embodiment, the ground-
ing wiring 7 and the power supply wiring 8 are arranged under
the bonding pad 4 and over the protective elements and the
nMISFET and pMISFET forming regions 21 and 27 (i.e.,
over the input/output circuit 11 (/O cell), which allows wid-
ening the wiring width of the grounding wiring 7 and the
power supply wiring 8 and accurately passing an EDS surge
inputted into the bonding pad 4 through the grounding wiring
7 and the power supply wiring 8. Furthermore, providing the
pulling-out region 24 between the grounding wiring 7 and the
power supply wiring 8 permits readily realizing the ground-
ing wiring 7 and the power supply wiring 8 that are wide in
width.

Second Embodiment

FIG. 11 is a top view showing the principal elements of the
semiconductor device according to the present embodiment
and corresponds to FIG. 4 in the first embodiment. As is the
case with FIG. 4 in the first embodiment, FIG. 10 shows the
periphery of the semiconductor device and planar layout of
the input/output circuit 11, the circuit 15, the power supply
wiring 5, the grounding wiring 6 and the bonding pad 4 but
omits the illustration of the grounding wiring 7 and the power
supply wiring 8.

In the above first embodiment, the bonding pads 4 are
staggered. In the present embodiment, a plurality of bonding
pads 4 are straight arranged in one row instead of being
staggered. That is, all the bonding pads 4 configured in the
same manner as the first bonding pad 4a in the first embodi-
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ment correspond to the present embodiment. As another
embodiment, all bonding pads 4 may be configured in the
same manner as the second bonding pad 45 in the first
embodiment. Other configurations of the semiconductor
device in the present embodiment are substantially the same
as the semiconductor device 1 in the first embodiment, so that
duplicated description is omitted thereof.

Effects can be similarly obtained also in the present
embodiment except for those related to staggered arrange-
ment of the bonding pads 4 in the first embodiment. For
example, the wiring 53 is pulled out over the grounding
wiring 7 and the power supply wiring 8 in the pulling-out
region 24 between the grounding wiring 7 and the power
supply wiring 8 to be connected to the conductive layer 51,
which permits the bonding pads 4 to be arranged over the
input/output circuit 11 (/O cell), thereby allowing the semi-
conductor device 1 to be downsized.

Third Embodiment

FIGS. 12 and 13 are top views showing the principal ele-
ments of the semiconductor device according to the present
embodiment and correspond to FIGS. 2 and 5 in the above
first embodiment respectively. FIGS. 12 and 13 show the
same region. As is the case with FIG. 2 in the first embodi-
ment, FIG. 12 shows the periphery of the semiconductor
device and planar layout of the input/output circuit 11a and
circuit 15. FIG. 13 shows the planar layout of the input/output
circuit 11a, the power supply wiring 5, the grounding wiring
6, the grounding wiring 7, the power supply wiring 8, the
conductive layer 51 and the bonding pad 4¢. FIGS. 14 and 15
are cross sections showing the principal elements of the semi-
conductor device according to the present embodiment. A
cross section along line E-E in FIG. 12 substantially corre-
sponds to FIG. 14. A cross section along line F-F in FIG. 12
substantially corresponds to FIG. 15. FIG. 1s a circuit dia-
gram (equivalent circuit) showing an input/output circuit 11a.

The bonding pad 4¢ and the input/output circuit 11a are
illustrated in FIGS. 12 to 16. The bonding pad 4¢, among a
plurality of the bonding pads 4 provided along the periphery
of main surface the semiconductor device as shown in FIG. 1,
is used for supplying power supply voltage (power supply
electric potential) to the power supply wiring 8. The input/
output circuit 11a is a circuit constituting an I/O power supply
cell and the circuit configuration thereof is illustrated in FIG.
16. As can be seen from the circuit diagram in FIG. 16, the
input/output circuit 11a has n-channel MISFETs Qn3 and
Qnd for protection (hereinafter referred to as “nMISFET
Qn3” and “nMISFET Qn4”) and the diodes D3 and D4 for
protection. The bonding pad 4c is electrically connected
directly to the power supply wiring 8 and electrically con-
nected to the grounding wiring 7 through nMISFETs Qn3 and
Qn4 and the diodes D3 and D4 as protective elements.

Specifically, the bonding pad 4¢ is electrically connected to
the grounding wiring 7 through the diode D3 and electrically
connected to the grounding wiring 7 through the diode D4.
That is, the bonding pad 4c is electrically connected to one of
the anode or the cathode of the diode D3, and the other of the
anode or the cathode of the diode D3 is electrically connected
to the grounding wiring 7. In addition, the bonding pad 4c is
electrically connected to one of the anode or the cathode of
the diode D4, and the other of the anode or the cathode of the
diode D4 is electrically connected to the grounding wiring 7.
Furthermore, the bonding pad 4c is electrically connected to
one of the source or the drain of the nMISFET Qn3, and the
other of the source or the drain of the nMISFET Qn3 and the
gate electrode thereof are electrically connected to the
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grounding wiring 7. In addition, the bonding pad 4c is elec-
trically connected to one of the source or the drain of the
nMISFET Qn4, and the other of the source or the drain of the
nMISFET Qn4 and the gate electrode thereof are electrically
connected to the grounding wiring 7.

The nMISFETs Qn3 and Qn4 and the diodes D3 and D4
constituting the input/output circuit 11a function as protec-
tive elements. For instance, when a surge (ESD surge) is
inputted into the bonding pad 4c, it can be passed to the
grounding wiring 7 through the nMISFETs Qn3 and Qn4 and
the diodes D3 and D4. Thus, the input/output circuit 11a
functions as a protective circuit (for I/O power supply cell).

As shown in FIGS. 12 to 15, an nMISFET forming region
21a, a diode element forming region 23a, an pulling-out
region 24, a diode element forming region 25« and an nMIS-
FET forming region 274 are arranged at the periphery of the
main surface 2 of the semiconductor device 1 in this order in
the direction from the inside (the inner side of the main
surface 2 of the semiconductor device 1) to the periphery (the
side of the end 2a of main surface 2 of the semiconductor
device 1) i.e., in the X-direction. The nMISFET forming
region 21a is aregion where an MISFET corresponding to the
nMISFET Qn3 is formed and the diode element forming
region 23a is a region where a diode element corresponding to
the diode element D3 is formed. The diode element forming
region 25a is a region where a diode element corresponding to
the diode element D4 is formed. The nMISFET forming
region 27a is aregion where an MISFET corresponding to the
nMISFET Qn4 is formed. Therefore, the input/output circuit
11a is formed by the nMISFET forming region 21a (nMIS-
FET Qn3), the diode element forming region 23« (the diode
element D3), the diode element forming region 254 (the diode
element D4) and the nMISFET forming region 27a (nMIS-
FET Qnd) The input/output circuit 11a is provided in the
vicinity of the bonding pad 4c.

The configuration of periphery of the semiconductor
device (around the bonding pad 4¢) according to the present
embodiment is described in further detail with reference to
FIGS. 12 to 15.

In the present embodiment, as shown in FIGS. 14 and 15, a
p-type well 32 and an n-type well 33 are formed on the main
surface of the semiconductor substrate 30. The p-type well 32
is formed in the region two-dimensionally including the
nMISFET forming regions 21a and 27a. The n-type well 33 is
formed in the region two-dimensionally including the diode
element forming regions 23a and 25a.

The nMISFET forming regions 21a and 27a are substan-
tially the same in configuration. The nMISFET forming
regions 21a and 27q are similar in configuration to the nMIS-
FET forming region 21 in the first embodiment. That is, in the
nMISFET forming regions 21a and 27a, a plurality of gate
electrodes 61 are so formed as to extend in the X-direction
through a gate insulating film (not shown) over the p-type
well 32, and the n-type semiconductor regions (n-type dif-
fused layer) 62 as a source and a drain are formed in the
regions on both sides of the gate electrodes 61. Incidentally,
among the n-type semiconductor regions 62, the n-type semi-
conductor region 62a functions as one of a source or a drain
and the n-type semiconductor region 625 functions as the
other of a source or a drain. The gate electrodes 61, the gate
insulating film (not shown) and the n-type semiconductor
region 62 (62a and 624) as a source and a drain under the gate
electrodes 61 form the n-type MISFET constituting the
nMISFETs Qn3 and Qn4 in the nMISFET forming regions
21q and 27a.

The diode element forming regions 23a and 254 are sub-
stantially the same in configuration. The diode element form-



US 9,343,460 B2

19

ing regions 23a and 254 are similar in configuration to the
diode element forming regions 23 and 25 in the first embodi-
ment. That is, in the diode element forming regions 23a and
25a, the n-type semiconductor region (n-type diffused layer)
63 and the p-type semiconductor region (p-type diffused
layer) 64 are two-dimensionally formed adjacently to each
other on the n-type well 33. For example, the n-type semi-
conductor region 63 and the p-type semiconductor region 64
extending in the X-direction are alternately arranged in the
Y-direction. The diode element (the diode element constitut-
ing the diode elements D3 and D4) is formed by a PN junction
between the n-type semiconductor region 63 and the p-type
semiconductor region 64 in the diode element forming
regions 23a and 25a. Incidentally, the p-type semiconductor
region 64 may be constructed of a part of the n-type well 33.

P-type semiconductor regions (p-type diffused layer) 65 as
a guard ring are formed in the nMISFET forming regions 21a
and 27a, and n-type semiconductor regions (n-type diffused
layer) 66 as a guard ring are formed in the diode element
forming regions 23a and 25a. The p-type semiconductor
regions 65 may be constructed of a part of the p-type well 32
and the n-type semiconductor regions 66 may be constructed
of a part of the n-type well 33.

FIG. 14 shows a cross section (in the X-direction) passing
through the n-type semiconductor regions 62« in the nMIS-
FET forming regions 21a and 274 and the n-type semicon-
ductor regions 63 in the diode element forming regions 23a
and 25qa. In addition, FIG. 15 shows a cross section (in the
X-direction) passing through the n-type semiconductor
regions 624 in the nMISFET forming regions 21a and 27a
and the n-type semiconductor regions 64 in the diode element
forming regions 23a and 25a.

As is the case with the first embodiment, a multilayer
wiring structure formed of a plurality of interlayer insulating
films (integrally illustrated as the insulating film 50) and of
wiring layers (wirings M1 to M7) is laid over the semicon-
ductor substrate 30. Also, as is the case with the first embodi-
ment, the grounding wiring 7 and the power supply wiring 8
are formed by the fourth, fifth, sixth and seventh layer wirings
M4, M5, M6 and M7 and the plugs PG connecting between
the wirings M4, M5, M6 and M7. Furthermore, the grounding
wiring 7 and the power supply wiring 8 extend in the Y-di-
rection along the periphery of the semiconductor device to
pass through over the protective elements (the nMISFET
forming regions 21a and 27a and the diode element forming
regions 23a and 25a) constituting the input/output circuit
11a. In this case, the grounding wiring 7 passes through over
the nMISFET forming region 21a and the diode element
forming region 23a. The power supply wiring 8 passes
through over the diode element forming region 25a and the
nMISFET forming region 27a.

As is the case with the bonding pad 4 in the first embodi-
ment, the conductive layer 51 being the uppermost metallic
layer is exposed from the opening 52 of the protective film
(illustrated as the insulating film 50) to form the bonding pad
4c. The bonding pad 4c¢ is integrally formed with the conduc-
tive layer 51, and a part of the conductive layer 51 is the
bonding pad 4¢. The conductive layer 51 may be regarded as
a conductive layer positioned over the grounding wiring 7 and
the power supply wiring 8 and electrically connected to the
bonding pad 4c.

The bonding pad 4c¢ is arranged over the protective ele-
ments (the nMISFET forming regions 21a and 27a and the
diode element forming regions 23a and 25a) constituting the
input/output circuit 11a. In FIGS. 14 and 15, the bonding pad
4c is arranged over the diode element forming region 254 and
the nMISFET forming region 27a, however, as another
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embodiment, the bonding pad 4¢ may be arranged over the
nMISFET forming region 21a and the diode element forming
region 23a by forming a pattern of the conductive layer 51 as
in the case of the second bonding pad 45 in the first embodi-
ment.

The conductive layer 51 for the bonding pad 4c¢ is electri-
cally connected to a wiring 534 under the grounding wiring 7
and the power supply wiring 8 through the pulling-out region
24. The wiring 53a, as shown in FIG. 14, is connected to the
power supply wiring 8 through the plugs PG and electrically
connected to the n-type semiconductor region 63 in the diode
element forming regions 23a and 25a and the n-type semi-
conductor region 62¢ in the nMISFET forming regions 21a
and 27a through the plugs PG. The wiring 53a correspond to
the wiring 53 in the above first embodiment. As shown in FI1G.
15, the p-type semiconductor region 64 in the diode element
forming regions 23a and 25a and the n-type semiconductor
region 625 in the nMISFET forming regions 21a and 27a are
electrically connected to the wiring 56a through the plugs PG.
The wiring 56a is electrically connected to the grounding
wiring 7 over the wiring 56a through the plugs PG. The
wiring 56a corresponds to the wirings 55 and 56 in the first
embodiment. Wirings 53a and 56a are wirings positioned
under the conductive layer 51, the grounding wiring 7 and the
power supply wiring 8, and include the first, second and third
layer wirings M1, M2 and M3 and the plugs PG. The wirings
53a and 56a are on the same layer, but different from each
other. The circuit configuration shown in FIG. 16 is thus
realized.

The wiring 53a is electrically connected to the protective
elements (MISFET Qn3 and Qnd in the nMISFET forming
regions 21a and 274 and the diode elements D3 and D4 in the
diode element forming regions 23a and 25a) formed over the
semiconductor substrate 30 through the plugs PG. The wiring
53a positioned under the grounding wiring 7 and the power
supply wiring 8 needs to be electrically connected to the
bonding pad 4¢. As is the case with the first embodiment, also
in the present embodiment, the pulling-out region 24 is pro-
vided between the grounding wiring 7 and the power supply
wiring 8, and the wiring 53a is pulled out over the grounding
wiring 7 and the power supply wiring 8 to be connected to the
conductive layer 51 in the pulling-out region 24.

In the present embodiment, the nMISFET of a protective
element constituting the input/output circuit 11a as a protec-
tive circuit is divided and formed into the nMISFET forming
regions 21a and 27a and the diode element of a protective
element constituting the input/output circuit 11a is divided
and formed into two diode element forming regions 234 and
25a. The pulling-out region 24 is arranged between a group
including the nMISFET forming region 21a and the diode
element forming region 23a and a group including the diode
element forming region 254 and the nMISFET forming
region 27a. The wiring 53a is pulled out over the grounding
wiring 7 and the power supply wiring 8 to be electrically
connected to the conductive layer 51. Furthermore, it may be
regarded that the pulling-out region 24 is arranged between
the nMISFET forming region 214 and the nMISFET forming
region 27a.

In the present embodiment, such a configuration enables
providing substantially the same effect as in the first embodi-
ment.

For example, as is the case with the first embodiment, also
in the present embodiment, the pulling-out region 24 is pro-
vided between the grounding wiring 7 and the power supply
wiring. 8, and the wiring 53a is pulled out over the grounding
wiring 7 and the power supply wiring 8 to be connected to the
conductive layer 51, so that the bonding pad 4¢ can be
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arranged further inside, allowing the planar dimension of the
semiconductor device (a semiconductor chip) to be reduced,
which permits downsizing the semiconductor device.

In addition, the protective elements (nMISFET and diode
element) constituting the input/output circuit 11a are divided
into two respective regions to arrange the pulling-out region
24 between the nMISFET forming regions 21a and 274 and
between the diode element forming regions 23a and 25a. The
wiring 53a is pulled out over the grounding wiring 7 and the
power supply wiring 8 to be connected to the conductive layer
51. Particularly, the nMISFET forming region occupying a
larger area than the diode element forming regions 23a and
25a is divided into two regions (i.e., the nMISFET forming
region 21a and 27a) and the pulling-out region 24 is arranged
between the nMISFET forming regions 21a and 27a. This
enables the pulling-out region 24 to be arranged around the
center of the region for forming the input/output circuit 11a,
which permits the bonding pad 4¢ to be arranged at a position
near the center of the input/output circuit 11a. That is to say,
even when the bonding pad 4c is arranged outside the pulling-
out region 24 (on the side of end of the semiconductor device
1), the bonding pad 4 can be arranged further inside by the
position where the pulling-out region 24 is positioned further
inside than the nMISFET forming region 27a. This allows the
semiconductor device to be reduced in planar dimension to
downsize the semiconductor device.

Fourth Embodiment

FIGS. 17 to 20 are top views showing the principal ele-
ments of the semiconductor device according to the present
embodiment. FIGS. 17 to 20 correspond to FIGS. 2 to 4 in the
first embodiment respectively. FIGS. 17 and 20 show the
same region. Similarly to FIG. 2 in the first embodiment, FIG.
17 shows the periphery of the semiconductor device and
planar layout of the input/output circuits 115 and 11¢ and
circuit 15. FIG. 18 corresponds to a figure in which the power
supply wiring 5, the grounding wiring 6, the grounding wir-
ing 7 and the power supply wiring 8 are added to FIG. 17. FIG.
19 corresponds to a figure in which the power supply wiring
5, the grounding wiring 6, the conductive layer 51 and the
bonding pad 4 are added to FIG. 17. FIG. 20 corresponds to a
figure in which the power supply wiring 5, the grounding
wiring 6 and the wirings 71 and 72 are added to FIG. 17.
FIGS. 21 and 22 are cross sections showing the principal
elements of the semiconductor device according to the
present embodiment. A cross section along line G-G in FIG.
17 substantially corresponds to FIG. 17. Across section along
line H-H in FIG. 17 substantially corresponds to FIG. 22.
FIG. 23 is a circuit diagram (equivalent circuit) showing an
input/output circuit 115. FIG. 24 is a circuit diagram (equiva-
lent circuit) showing an input/output circuit 11c.

Bonding pads 44 and 4e and the input/output circuits 115
and 11c¢ are shown in FIGS. 17 to 24. The bonding pad 44,
among a plurality of the bonding pads 4 provided along the
periphery of main surface of the semiconductor device shown
in FIG. 1, is for supplying power supply voltage (power
supply electric potential) to the power supply wiring 5. The
bonding pad 4e, among a plurality of the bonding pads 4
provided along the periphery of main surface of the semicon-
ductor device shown in FIG. 1, is for supplying grounding
voltage (grounding electric potential) to the grounding wiring
6. The input/output circuit 115 is for constituting a core
power-supplying cell and is configured as shown in FIG. 23.
The input/output circuit 11c is for constituting a core GND-
supplying cell and is configured as shown in FIG. 24.
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Thatis to say, as can be seen from FIG. 23, the input/output
circuit 115 has protective n-channel MISFETs Qn5 and Qn6
(hereinafter referred to as “nMISFET Qn5” and “nMISFET
Qn6”) and protective diodes D5 and D6. The bonding pad 44
is electrically and directly connected to the power supply
wiring 5 and electrically connected to the grounding wiring 6
through nMISFETs Qn5 and Qné and the diodes D5 and D6
acting as protective elements.

Specifically, the bonding pad 4d is electrically connected to
the grounding wiring 6 through the diode element D5 and to
the grounding wiring 6 through the diode element D6. In
other words, the bonding pad 4d is electrically connected to
one of the anode or the cathode of the diode D5 and the other
of the anode or the cathode of the diode D5 is electrically
connected to the grounding wiring 6. In addition, the bonding
pad 44 is electrically connected to one of the anode or the
cathode of the diode D6 and the other of the anode or the
cathode of the diode D6 is electrically connected to the
grounding wiring 6. Furthermore, the bonding pad 44 is elec-
trically connected to one of the source or the drain of the
nMISFET Qn5 and the other of the source or the drain of the
nMISFET Qn5 is electrically connected to the grounding
wiring 6. The bonding pad 44 is electrically connected to one
of'the source or the drain of the nMISFET Qn6 and the other
of'the source or the drain of the nMISFET Qné is electrically
connected to the grounding wiring 6.

As can be seen from FIG. 24, the input/output circuit 11¢
has protective n-channel MISFETs Qn7 and Qn8 (hereinafter
referred to as “nMISFET Qn7” and “nMISFET Qn8”) and
protective diodes D7 and D8 The bonding pad 4e is electri-
cally and directly connected to the grounding wiring 6 and
electrically connected to the power supply wiring 5 through
nMISFETs Qn7 and Qn8 and the diodes D7 and D8 acting as
protective elements.

Specifically, the bonding pad 4e is electrically connected to
the power supply wiring 5 through the diode element D7 and
to the power supply wiring 5 through the diode element D8. In
other words, the bonding pad 4e is electrically connected to
one of the anode or the cathode of the diode D7 and the other
of the anode or the cathode of the diode D7 is electrically
connected to the power supply wiring 5. In addition, the
bonding pad 4e s electrically connected to one of the anode or
the cathode of the diode D8 and the other of the anode or the
cathode of the diode D8 is electrically connected to the power
supply wiring 5. Furthermore, the bonding pad 4e is electri-
cally connected to one of the source or the drain of the nMIS-
FET Qn7 and the other of the source or the drain of the
nMISFET Qn7 is electrically connected to the power supply
wiring 5. The bonding pad 4e is electrically connected to one
of'the source or the drain of the nMISFET Qn8 and the other
of'the source or the drain of the nMISFET Qn8 is electrically
connected to the power supply wiring 5.

The nMISFETs Qn5, Qné, Qn7 and Qn8 and the diodes
D5, D6, D7 and D8 constituting the input/output circuits 115
and 11¢ are capable of functioning as elements for protection
(protective element). When a surge (ESD surge) or the like,
for example, is inputted into the bonding pads 44, it can be
passed to the grounding wiring 6 through the nMISFETs QnS
and Qp6 and the diodes D5 and D6. When a surge (ESD
surge) or the like, for example, is inputted into the bonding
pads 4e, it can also be passed to the power supply wiring 5
through the nMISFETs Qn7 and Qp8 and the diodes D7 and
D8. Thus, the input/output circuits 115 and 11¢ are capable of
functioning as protective circuits for the core power-supply-
ing cell and the core CND-supplying cell.

As shown in FIGS. 17 to 22, in the input/output circuit 115,
an nMISFET forming region 215, a diode element forming
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region 235, a pulling-out region 24, a diode element forming
region 256 and an nMISFET forming region 275 are arranged
at the periphery of the main surface 2 of the semiconductor
device 1 inthis order in the direction from the inside (the inner
side of the main surface 2 of the semiconductor device 1) to
the periphery (the side of the end 2a of main surface 2 of the
semiconductor device 1),i.e., in the X-direction. The region
for forming the input/output circuit 11c is also the same in
configuration as that for forming the input/output circuit 115.
That is to say, in the input/output circuit 11¢, an nMISFET
forming region 21¢, a diode element forming region 23c¢, a
pulling-out region 24, a diode element forming region 25¢
and an nMISFET forming region 27¢ are arranged at the
periphery of the main surface 2 of the semiconductor device
1 in this order in the direction from the inside (the inner side
of the main surface 2 of the semiconductor device 1) to the
periphery (the side of the end 2a of main surface 2 of the
semiconductor device 1), i.e., in the X-direction.

The nMISFET forming region 215 is a region where an
MISFET corresponding to the nMISFET Qn5 is formed and
the diode element forming region 235 is a region where a
diode element corresponding to the diode element D5 is
formed. The diode element forming region 255 is a region
where a diode element corresponding to the diode element D6
is formed. The nMISFET forming region 275 is a region
where a MISFET corresponding to the nMISFET Qn6 is
formed. Therefore, the input/output circuit 115 is formed by
the nMISFET forming region 215 (nMISFET Qn5), the diode
element forming region 235 (the diode element D5), the diode
element forming region 255 (the diode element D6) and the
nMISFET forming region 276 (nMISFET Qné). The input/
output circuit 115 is provided in the vicinity of the bonding
pad 44d.

The nMISFET forming region 21c¢ is a region where an
MISFET corresponding to the nMISFET Qn7 is formed and
the diode element forming region 23c¢ is a region where a
diode element corresponding to the diode element D7 is
formed. The diode element forming region 25c¢ is a region
where a diode element corresponding to the diode element D8
is formed. The nMISFET forming region 27¢ is a region
where a MISFET corresponding to the nMISFET Qn8 is
formed. Therefore, the input/output circuit 11¢ is formed by
the nMISFET forming region 21¢ (nMISFET Qn7), the diode
element forming region 23¢ (the diode element D7), the diode
element forming region 25¢ (the diode element D8) and the
nMISFET forming region 27¢ (nMISFET Qn8). The input/
output circuit 11¢ is provided in the vicinity of the bonding
pad 4e.

The configuration of periphery of the semiconductor
device (around the bonding pads 44 and 4e) according to the
present embodiment is described in further detail with refer-
ence to FIGS. 17 to 22.

In the present embodiment, the regions for forming the
input/output circuits 275 and 27¢ are adjacently arranged to
each other in the Y-direction. The bonding pads 44 and 4e are
also adjacently arranged to each other.

Each of the regions for forming the input/output circuits
27b and 27¢ is substantially the same in configuration as that
for forming the input/output circuit 11qa in the third embodi-
ment except for wirings. That is to say, each of the nMISFET
forming regions 215 and 21c¢ is substantially the same in
configuration as the above nMISFET forming region 21a
except for wirings. Each of the diode element forming regions
23b and 23c¢ is substantially the same in configuration as the
above diode element forming region 23a except for wirings.
Each of the diode element forming regions 255 and 25c¢ is
substantially the same in configuration as the above diode
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element forming region 254 except for wirings. Each of the
pMISFET forming regions 275 and 27¢ is substantially the
same in configuration as the above nMISFET forming region
27a except for wirings. For these reasons, description is omit-
ted herein on the configuration of the nMISFET forming
regions 215, 21¢, 275 and 27¢ and the diode element forming
regions 23b, 23¢, 25b and 25c¢.

FIG. 21 shows a cross section (in the X-direction) passing
through the n-type semiconductor regions 62« in the nMIS-
FET forming regions 215 and 27b and the n-type semicon-
ductor regions 63 in the diode element forming regions 235
and 2554. In addition, FIG. 22 shows a cross section (in the
X-direction) passing through the n-type semiconductor
regions 62a in the nMISFET forming regions 21c¢ and 27¢ and
the p-type semiconductor region 64 in the diode element
forming regions 23¢ and 25¢.

Also, inthe present embodiment, as is the case with the first
to third embodiments, a multilayer wiring structure formed of
aplurality of interlayer insulating films (integrally illustrated
as the insulating film 50) and of wiring layers (wirings M1 to
M7) is laid over the semiconductor substrate 30.

In the present embodiment, the grounding wiring 7 and the
power supply wiring 8 are formed by the sixth and seventh
layer wirings M6 and M7 and the plugs PG connecting
between the wirings M6 and M7. Furthermore, the grounding
wiring 7 and the power supply wiring 8 extend in the Y-di-
rection along the periphery of the semiconductor device to
pass through over the protective elements (the nMISFET
forming regions 215, 21¢, 276 and 27¢ and the diode element
forming regions 234, 23¢, 25b and 25¢) constituting the input/
output circuits 115 and 11¢. Where, the grounding wiring 7
passes through over the nMISFET forming regions 21a and
21c¢ and the diode element forming regions 235 and 23¢. The
power supply wiring 8 passes through over the diode element
forming regions 256 and 25¢ and the nMISFET forming
regions 27b and 27¢.

In the present embodiment, furthermore, a wiring 71
including the fourth and fifth layer wirings M4 and M5 is
provided under the grounding wiring 7. A wiring 72 including
the fourth and fifth layer wirings M4 and M5 is provided
under the power supply wiring 8. The wiring 71 extends over
from the nMISFET forming region 215 and the diode element
forming region 235 in the input/output circuit 115 to the
nMISFET forming region 21¢ and the diode element forming
region 23c¢ in the input/output circuit 11c in the Y-direction.
The wiring 72 extends over from the diode element forming
region 256 and the nMISFET forming region 2754 in the
input/output circuit 115 to the diode element forming region
25¢ and the nMISFET forming region 27¢ in the input/output
circuit 11¢ in the Y-direction.

The power supply wiring 5 and the grounding wiring 6 are
formed by the fourth, fifth, sixth and seventh layer wirings
M4, M5, M6 and M7 and the plugs PG connecting between
the wirings M4, M5, M6 and M7. The power supply wiring 5
and the grounding wiring 6 extend in the Y-direction further
inside than the grounding wiring 7 and the power supply
wiring 8, i.e., further inside than the input/output circuits 115
and 11c.

The conductive layer 51 that is the uppermost metallic
layer is exposed from the opening 52 of the protective film
(illustrated as the insulating film 50) to form the bonding pads
4c¢ and 4e, as is the case with the bonding pad 4 in the first
embodiment. The bonding pad 4d is integrally formed with
the conductive layer 51, and a part of the conductive layer 51
is the bonding pad 4d. In additions, the bonding pad 4e is
integrally formed with the conductive layer 51, and a part of
the conductive layer 51 is the bonding pad 4e. The conductive
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layer 51 for the bonding pad 44 and the conductive layer 51
for the bonding pad 4e are on the same layer, however, are
differently patterned conductive layers separated from each
other. The power supply wiring 51 may be regarded as a
conductive layer positioned over the grounding wiring 7 and
the power supply wiring 8 and electrically connected to the
bonding pads 44 and 4e. In addition, the pattern of the con-
ductive layer 51 may be used also for the eight layer wiring
(uppermost layer wiring) to form the power supply wiring 5
and the grounding wiring 6 by the wirings M4, M5, M6 and
M7 and the conductive layer 51.

The bonding pad 4d is arranged over the protective element
(the nMISFET forming regions 215 and 275 and the diode
element forming regions 235 and 254) constituting the input/
output circuit 115. The bonding pad 4e is arranged over the
protective element (the nMISFET forming regions 21¢ and
27¢ and the diode element forming regions 23¢ and 25c¢)
constituting the input/output circuit 11c.

A plurality of the bonding pads 4 including the bonding
pads 4d and 4e may be staggered. At this point, the bonding
pads 4d and 4e are shifted in position in the Y-direction. One
of'the bonding pads 44 and 4e (where, the bonding pad 4e) is
arranged on the side near the end of the semiconductor device
as in the case of the first bonding pad 4a, and the other of the
bonding pads 4d and 4e (where, the bonding pad 4d) is
arranged further inside than the bonding pad 4e as in the case
of the first bonding pad 46é.

For that reason, as illustrated in the figures, the bonding pad
4d is arranged over the nMISFET forming region 215 and the
diode element forming region 235 and the bonding pad 4e is
arranged over the diode element forming region 25¢ and the
nMISFET forming region 27¢. As another embodiment, the
bonding pad 44 may be arranged over the diode element
forming region 256 and the nMISFET forming region 275
and the bonding pad 4e may be arranged over the nMISFET
forming region 21c¢ and the diode element forming region
23c.

The conductive layer 51 for the bonding pad 44 extends
from over the pulling-out region 24 to over the power supply
wiring 5 while passing through over the diode element form-
ing region 235 and the nMISFET forming region 215 and is
electrically connected to the power supply wiring 5 under the
conductive layer 51 through the plugs PG. The conductive
layer 51 for the bonding pad 4d is electrically connected to the
wiring 535 positioned under the conductive layer 51 through
the pulling-out region 24. The wiring 535 is a wiring posi-
tioned under the power supply wiring 5, the grounding wiring
6, the grounding wiring 7, the power supply wiring 8, the
conductive layer 51 and the wirings and 72, and includes, for
example, the first, second and third layer wirings M1, M2 and
M3 and the plugs PG. As shown in FIG. 21, the wiring 535
extends from the region for forming the input/output circuit
115 to under the power supply wiring 5 and is electrically
connected to the power supply wiring 5 positioned over the
wiring 535 through the plugs PG and to the wiring 72 posi-
tioned over the wiring 535 through the plugs PG. The wiring
53b is further electrically connected to the n-type semicon-
ductor regions 63 in the diode element forming regions 235
and 256 and the n-type semiconductor regions 62« in the
nMISFET forming regions 215 and 275 under the wiring 535
through the plugs PG.

The conductive layer 51 for the bonding pad 4e extends
from over the nMISFET forming region 27¢ to over the
grounding wiring 6 while passing the diode element forming
region 25¢, the pulling-out region 24, the diode element form-
ing region 23¢ and the nMISFET forming region 21c¢ and is
electrically connected to the power supply wiring 6 under the
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conductive layer 51 through the plugs PG. The conductive
layer 51 for the bonding pad 4e is electrically connected to the
wiring 53¢ positioned under the conductive layer 51 through
the pulling-out region 24. The wiring 53¢ is a wiring posi-
tioned under the power supply wiring 5, the grounding wiring
6, the grounding wiring 7, the power supply wiring 8, the
conductive layer 51 and the wirings 71 and 72, and includes,
for example, the first, second and third layer wirings M1, M2
and M3 and the plugs PG. As shown in FIG. 22, the wiring 53¢
extends from the region for forming the input/output circuit
11c to under the grounding wiring 6 and is electrically con-
nected to the power supply wiring 6 positioned over the
wiring 53¢ through the plugs PG and to the wiring 71 posi-
tioned over the wiring 53¢ through the plugs PG. The wiring
53¢ is further electrically connected to the p-type semicon-
ductor regions 64 in the diode element forming regions 23c¢
and 25¢ and the n-type semiconductor regions 62a in the
nMISFET forming regions 21¢ and 27¢ under the wiring 53¢
through the plugs PG.

The wirings 535 and 53¢ correspond to the wirings 53 and 53a
in the first to third embodiments. Though an illustration is not
provided here, as is the case with the third embodiment, the
p-type semiconductor regions 64 in the diode element form-
ing regions 236 and 256 and the n-type semiconductor
regions 625 in the nMISFET forming regions 215 and 275 are
electrically connected to a wiring through the plugs PG or the
like, and the wiring is further electrically connected to the
wiring 71 positioned further over the wiring through the plugs
PG. Furthermore, though an illustration is not provided either,
the n-type semiconductor regions 63 in the diode element
forming regions 23¢ and 25¢ and the n-type semiconductor
regions 625 in the nMISFET forming regions 21¢ and 27¢ are
electrically connected to a wiring through the plugs PG, and
the wiring is further electrically connected to the wiring 72
positioned further over the wiring through the plugs PG. The
circuit configurations shown in FIGS. 23 and 24 are thus
realized.

The wiring 535 is electrically connected to the protective
elements (MISFET Qn5 and Qn6 in the nMISFET forming
regions 215 and 2756 and the diode elements D5 and D6 in the
diode element forming regions 235 and 2556) formed on the
semiconductor substrate 30 through the plugs PG. In addi-
tion, the wiring 53¢ is electrically connected to the protective
elements (MISFETs Qn7 and Qn8 in the nMISFET forming
regions 21¢ and 27¢ and the diode elements D7 and D8 in the
diode element forming regions 23¢ and 25¢) formed on the
semiconductor substrate 30 through the plugs PG. The wir-
ings 535 and 53¢ are positioned under the grounding wiring 7,
the power supply wiring 8 and the wirings 71 and 72, and need
to be electrically connected to the bonding pads 4d and 4e
respectively. As is the case with the first embodiment, also in
the present embodiment, the pulling-out region 24 is provided
between the grounding wiring 7 and the power supply wiring
8, and the wirings 535 and 53¢ are pulled out over the ground-
ing wiring 7 and the power supply wiring 8 to be connected to
the conductive layer 51 in the pulling-out region 24.

In the present embodiment, the nMISFET that is a protec-
tive element constituting the input/output circuit 11a as a
protective circuit is divided and formed into two nMISFET
forming regions 2156 and 275 and the diode element that is a
protective element constituting the input/output circuit 11a is
divided and formed into two diode element forming regions
23b and 25b. The pulling-out region 24 is arranged between a
group including the nMISFET forming region 2154 and the
diode element forming region 236 and a group including the
diode element forming region 255 and the nMISFET forming
region 27b, and the wiring 535 is pulled out there over the
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wirings 71 and 72, the grounding wiring 7 and the power
supply wiring 8 to be electrically connected to the conductive
layer 51. In addition, the nMISFET that is a protective ele-
ment constituting the input/output circuit 11¢ as a protective
circuit is divided and formed into two nMISFET forming
regions 21¢ and 27¢ and the diode element that is a protective
element constituting the input/output circuit 11c¢ is divided
and formed into two diode element forming regions 23¢ and
25¢. The pulling-out region 24 is arranged between a group
including the nMISFET forming region 21¢ and the diode
element forming region 23¢ and a group including the diode
element forming region 25¢ and the nMISFET forming
region 27¢, and the wiring 53¢ is pulled out there over the
wirings 71 and 72, the power supply wiring 5, the grounding
wiring 6, the grounding wiring 7 and the power supply wiring
8 to be electrically connected to the conductive layer 51. It
may be regarded that The pulling-out region 24 is arranged
between the nMISFET forming regions 216 and 275 and that
the pulling-out region 24 is arranged between the nMISFET
forming regions 21¢ and 27¢.

Such a configuration in the present embodiment enables
providing substantially the same effect as the third embodi-
ment.

Also in the present embodiment, as is the case with the first
embodiment, for example, the pulling-out region 24 is pro-
vided between the grounding wiring 7 and the power supply
wiring 8, and the wirings 535 and 53¢ are pulled out there over
the wirings 71 and 72, the grounding wiring 7 and the power
supply wiring 8 to be connected to the conductive layer 51, so
that the bonding pads 44 and 4¢ can be arranged further
inside, allowing the planar dimension of the semiconductor
device (a semiconductor chip) to be reduced to downsize the
semiconductor device.

In addition, each protective element (nMISFET and diode
element) constituting the input/output circuits 11ba and 11¢
is divided into two regions to arrange the pulling-out region
24: between the nMISFET forming regions 216 and 275 and
between the diode element forming regions 235 and 255; and
between the nMISFET forming regions 21¢ and 27¢ and
between the diode element forming regions 23¢ and 25¢. The
wirings 536 and 53¢ are pulled out there to be connected to the
conductive layer 51. Particularly, the nMISFET forming
region occupying a larger area than the diode element form-
ing regions 235, 23¢, 255 and 25c¢ is divided into two regions,
between which and the pulling-out region 24 is arranged.
That is, in the input/output circuit 115, the region for forming
the nMISFET as a protective element is divided into the
nMISFET forming regions 215 and 275, between which the
pulling-out region 24 is arranged. In the input/output circuit
11¢, the region for forming the nMISFET as a protective
element is divided into the nMISFET forming regions 21c¢
and 27¢, between which the pulling-out region 24 is arranged.
This enables the pulling-out region 24 to be arranged around
the center of the regions for forming the input/output circuits
115 and 11¢, which permits the bonding pads 44 and 4¢ to be
arranged at a position near the center of the regions for form-
ing the input/output circuits 116 and 11c. For example, even
when the bonding pad 4e is arranged outside the pulling-out
region 24 (on the side of end of the semiconductor device 1),
the bonding pad 4e can be arranged further inside by the
position where the pulling-out region 24 is positioned further
inside than the pMISFET forming region 27¢, thereby allow-
ing the planar dimension of the semiconductor device to be
reduced to downsize the semiconductor device.

Furthermore, the present embodiment provides the follow-
ing effect.
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Since the bonding pad 4d is electrically connected to the
power supply wiring 5, the bonding pad 4d is capable of
supplying power supply electric potential (power supply volt-
age) to the power supply wiring 5. Since the wiring 72 is also
connected to the conductive layer 51 for the bonding pad 44
through the wiring 535 and the pulling-out region 24, the
wiring 72 is also electrically connected to the bonding pad 44
and the power supply wiring 5 to be supplied with power
supply electric potential. In addition, since the bonding pad
4e is electrically connected to the grounding wiring 6, the
bonding pad 4e is capable of supplying grounding electric
potential (grounding voltage) to the grounding wiring 6.
Since the wiring 71 is also connected to the conductive layer
51 for the bonding pad 4e through the wiring 53¢ and the
pulling-out region 24, the wiring 71 is also electrically con-
nected to the bonding pad 4e and the grounding wiring 6 to be
supplied with grounding electric potential.

Since the wiring 71 extends from over the nMISFET form-
ing region 215 and the diode element forming region 235 to
over the nMISFET forming region 21¢ and the diode element
forming region 23c¢, the p-type semiconductor region 64 in
the diode element forming regions 236 and 255 and the n-type
semiconductor region 625 in the nMISFET forming regions
21b and 2756 can be connected to the wiring 71 (the wiring 71
electrically connected to the grounding wiring 6) extending
thereover. In addition, since the wiring 72 extends from over
the diode element forming region 256 and the nMISFET
forming region 275 to over the diode element forming region
25¢ and the nMISFET forming region 27¢, the n-type semi-
conductor region 63 in the diode element forming regions 23¢
and 25¢ and the n-type semiconductor region 624 in the
nMISFET forming regions 21¢ and 27¢ can be connected to
the wiring 72 (the wiring 72 electrically connected to the
power supply wiring 5) extending thereover.

Thus providing the wirings 71 and 72 enables simplifying
routing the wirings for connecting the diodes D5 and D6 and
the nMISFETs Qn5 and Qn6 to the grounding wiring 6 and
for connecting the diodes D7 and D8 and the nMISFETs Qn7
and Qn8 to the power supply wiring 5. In addition, the wiring
for connecting the diodes D5 and D6 and the nMISFETs Qn5
and Qné6 to the grounding wiring 6 can be substantially equal-
ized in length with the wiring for connecting the diodes D7
and D8 and the nMISFETs Qn7 and Qn8 to the power supply
wiring 5, which allows the performances of the semiconduc-
tor device to be further improved.

Although the invention made by the present inventors has
been described in detail referring to the embodiments, the
invention is no way limited only to the foregoing embodi-
ments but can be varied within a scope not departing from the
gist thereof.

The present invention is suitable to be applied to a semi-
conductor device with bonding pads.

What is claimed is:

1. A semiconductor device comprising:

a semiconductor substrate having a main surface;

an internal circuit region;

a plurality of output circuits disposed in a row around the
internal circuit region, each of the plurality of output
circuits including a first MISFET and a second MISFET,
wherein a shortest distance between the first MISFET
and the internal circuit region is smaller than a distance
between the second MISFET and the internal circuit
region;

a first bonding pad disposed over the main surface, the first
bonding pad being overlapped with the first MISFET in
a first output circuit of the plurality of output circuits in
plan view;
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a first wiring disposed under the first bonding pad;

a first conductor plug disposed between the first bonding
pad and the first wiring, the first conductor plug connect-
ing the first bonding pad and the first wiring, the first
bonding pad and the first wiring being electrically con-
nected to drain terminals of the first MISFETs and drain
terminals of the second MISFETs in the first output
circuit;

a second bonding pad disposed over the main surface, the
second bonding pad being overlapped with the second
MISFET in a second output circuit of the plurality of
output circuits in plan view, the first output circuit and
the second output circuit being disposed side by side;

a second wiring disposed under the second bonding pad;
and

a second conductor plug disposed between the second
bonding pad and the second wiring, the second conduc-
tor plug connecting the second bonding pad and the
second wiring, the second bonding pad and the second
wiring being electrically connected to drain terminals of
the first and drain terminals of the second MISFETs in
the second output circuit,

wherein a shortest distance between the first bonding pad
and the internal circuit region is smaller than a distance
between the second bonding pad and internal circuit
region,

wherein the first conductor plug is located between the first
MISFET and the second MISFET in the first output
circuit in plan view, and

wherein the second conductor plug is located between the
first MISFET and the second MISFET in the second
output circuit in plan view.

2. A semiconductor device according to claim 1,

wherein the first MISFET in the first output circuit and the
first MISFET in the second output circuit are located
side by side, and
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wherein the second MISFET in the first output circuit and
the second MISFET in the second output circuit are
located side by side.

3. A semiconductor device according to claim 1, wherein

5 the first and second bonding pads form a staggered bonding
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pad arrangement.

4. A semiconductor device according to claim 1,

wherein each of the plurality of output circuits includes a
first protection diode and a second protection diode,

wherein the first and second protection diodes in the first
output circuit are electrically connected to the first bond-
ing pad,

wherein the first and second protection diodes in the sec-
ond output circuit are electrically connected to the sec-
ond bonding pad,

wherein the first conductor plug is located between the first
and second protection diodes in the first output circuit in
plan view, and

wherein the second conductor plug is located between the
first and second protection diodes in the second output
circuit in plan view.

5. A semiconductor device according to claim 1,

wherein a protective film is disposed over the first and
second bonding pads, and

wherein the first and second bonding pads are partially
exposed from the protective film.

6. A semiconductor device according to claim 5, wherein

the protective film is overlapped with the first and second
conductive plugs in plan view.

7. A semiconductor device according to claim 1, wherein

the first and second MISFETs are a pMISFET and an nMIS-
FET, respectively.

8. A semiconductor device according to claim 1,

wherein the first and second bonding pads are comprised of
aluminum, and

wherein the first and second wirings are comprised of
coppet.



